Colour Doppler flow imaging was used in this prospective, cross-sectional study to analyse renal haemodynamics in 50 cirrhotic patients and 15 healthy controls. Mean renal arterial resistive index (RI) was higher in cirrhotic patients than in healthy controls. Mean RI was also higher in cirrhotic patients with non-refractory ascites than in those without ascites, suggesting that the degree of renal vasoconstriction varies with the severity of ascites. A gradient of RI values across the main renal artery, interlobar artery and interlobular renal artery was retained in cirrhotic patients even in the decompensatory stage with non-refractory ascites but was not present in the decompensatory stage with refractory ascites. The disappearance of this gradient may be an important prognostic factor in the development of hepatorenal syndrome (HRS). An inverse correlation between creatinine clearance and interlobular arterial RI was shown for all cirrhotic patients suggesting that even patients with refractory ascites are in a prophase of HRS.
Introduction
In patients with liver cirrhosis and portal hypertension, impaired circulatory flow and renal vasoconstriction can adversely affect the glomerular filtration rate (GFR). This is known as hepatorenal syndrome (HRS) which, in the advanced stages of liver disease, can result in intense renal vasoconstriction and a dramatic reduction in GFR. 1 In the early stages of liver disease, however, systemic and renal hemodynamic changes may be present while common renal function tests may be normal. 2 The dynamic monitoring of haemodynamic changes in the kidney are important, therefore, for estimating renal blood flow and predicting the development of HRS in patients with liver cirrhosis and portal hypertension.
Duplex Doppler waveform analysis of intrarenal arterial vessels provides a noninvasive means of estimating renovascular impedance. Specifically, the renal arterial resistive index (RI) can be derived from the ultrasonogram and is a measure of resistance to arterial flow within the renal Renal haemodynamics assessed by colour Doppler ultrasonography vascular bed that has been shown to be a reliable indicator of renal blood flow in a variety of pathological conditions. 3, 4 The present study used colour duplex Doppler ultrasonography to investigate renal blood flow and the RI in the main renal artery, interlobar vessels and cortical vessels of patients with liver cirrhosis compared with healthy controls.
Patients and methods

STUDY POPULATION AND DESIGN
The study population consisted of adults newly diagnosed with liver cirrhosis between January and December 2009 who were inpatients at the Sixth People's Hospital Affiliated to Shanghai Jiao Tong University, Shanghai, China. Age-matched healthy adult volunteers who were visiting the hospital for routine physical examination served as controls. None of the study population had any previous history of hypertension, diabetes, heart disease, hepatopathy or nephropathy. Evaluation of ascites was completed according to the criteria established by the International Ascites Club in 1996. 5 The patients with liver cirrhosis were divided into three groups according to the stage of cirrhosis and ascites: patients at the compensation stage of liver cirrhosis (no ascites) (group A), patients at the decompensation stage of liver cirrhosis with non-refractory (group B), or refractory (group C) ascites.
The study was approved by the Institutional Ethics Committee of the Sixth People's Hospital, Shanghai Jiao Tong University, Shanghai, China. Written informed consent was obtained from all the study population.
ULTRASONOGRAPHY
A colour Doppler ultrasonography machine (ATL HDI 5000; Philips Healthcare, Best, The Netherlands) was used with a probe frequency of 3.5 -5.0 MHz. Initially, twodimensional imaging was used to assess the shape, size and internal structure of the liver, spleen, kidney and ascites, and to confirm the diagnosis of liver cirrhosis. Twodimensional imaging was also used on the healthy adult volunteers to confirm the absence of liver cirrhosis.
Using colour duplex Doppler flow imaging, the renal artery in the renal hilum, the interlobar artery in Bertin's column and the interlobular artery in the middle portion of the renal cortex were identified. The sampling gate of the pulse Doppler machine was placed in the middle of these vessels. The angle between the sound beam and the direction of blood flow was corrected to < 60°. Subjects were instructed to hold their breath when the Doppler flow spectrum image was obtained. Based on a clear spectrum image, peak systolic velocity (PSV) and end-diastolic velocity (EDV) of the main renal artery, the interlobar artery and the interlobular artery were measured and the RI for each vessel was calculated as (PSV -EDV)/PSV. Images from three successive cardiac cycles were obtained and the mean RI was calculated.
ASSESSMENT OF RENAL FUNCTION
Renal function was assessed from the endogenous creatinine clearance rate (Ccr) calculated from the serum creatinine (Scr) level after 12 h of food and water fasting, the 24-h urine volume and the concentration of urinary creatinine (Ucr) according to the formula: Ccr = Ucr (µmol/l) × urine volume (ml/min) / Scr (µmol/l).
STATISTICAL ANALYSIS
All data were expressed as mean ± SD and statistical analysis was performed using SPSS ® statistical software version 11.0 (SPSS, Renal haemodynamics assessed by colour Doppler ultrasonography Chicago, IL, USA), with a P-value < 0.05 considered significant. One-way analysis of variance was used for multiple group comparisons. Comparisons between any two groups were carried out using the Student's ttest. Correlation between Ccr and RI was evaluated using pairwise Spearman's rank correlation coefficient.
Results
A total of 50 patients (37 men, 13 women) with liver cirrhosis aged 24 -70 years (mean ± SD 50.54 ± 10.49 years) were included in the study. Of these, 20 patients had compensated cirrhosis (no ascites) (group A), 20 patients had decompensated cirrhosis with non-refractory ascites (group B) and 10 patients had decompensated cirrhosis with refractory ascites (group C). The healthy control group consisted of 15 subjects (11 men, four women) aged 28 -67 years (mean ± SD 47.93 ± 12.69 years). There was no significant difference in age between the cirrhotic patients and healthy controls.
Colour duplex Doppler flow imaging of the renal cortex in healthy controls showed positive blood flow and a low RI; a typical example of an ultrasonogram from a healthy control is shown in Fig. 1 (PSV 32.8 cm/s, EDV 14.4 cm/s, RI 0.56). By contrast, blood flow was sparse in the renal cortex of patients with cirrhosis, the arterial branches were irregular and twisted, RI was high and EDV was low; Fig. 2 shows a typical ultrasonogram from a patient with decompensated cirrhosis with refractory ascites (group C) (PSV 34.1 cm/s, EDV 7.6 cm/s, RI 0.78).
The combined mean ± SD renal arterial RI (i.e. from the renal artery, interlobar artery and interlobular artery) for groups A, B and C were 0.61 ± 0.02, 0.62 ± 0.02 and 0.74 ± 0.02, respectively. Statistical analysis showed that these were significantly higher than the combined renal arterial RI for the healthy control group (0.55 ± 0.01; P < 0.05). There was no significant difference in combined renal arterial RI values between groups A and B, however the RI for group C was significantly higher than for groups A and B (P < 0.05).
For the healthy controls and group A and B cirrhotic patients, the RI decreased in a graded fashion from the renal hilum to the cortex whereas in group C there was no significant difference in RI values (Fig. 3 ). In the healthy controls, the mean ± SD value for RI for the renal artery (0.60 ± 0.04) was significantly higher than that for the interlobar artery (0.55 ± 0.05; P < 0.001) which, in turn, was significantly higher than that for the interlobular artery (0.50 ± 0.05; P < 0.05). In group A, the RI for the renal artery (0.66 ± 0.04) was significantly higher than that for the interlobar artery (0.60 ± 0.04; P < 0.01) which, in turn, was significantly higher than that for the interlobular artery (0.57 ± 0.04; P < 0.01). In group B, the RI for the renal artery (0.67 ± 0.06) was significantly higher than that for the interlobar artery (0.62 ± 0.06; P < 0.01) which, in turn, was significantly higher than that for the interlobular artery (0.58 ± 0.05; P < 0.05). In group C, the RI for the renal artery, the interlobar artery and the interlobar artery were 0.75 ± 0.03, 0.74 ± 0.03 and 0.74 ± 0.02, respectively. For group A, B and C cirrhotic patients, mean ± SD values for Ccr were 103.82 ± 30.35, 94.38 ± 26.57 and 42.26 ± 20.67 ml/min, respectively; values for controls were 105.78 ± 20.25 ml/min. The Ccr values inversely correlated with RI for the interlobular artery across the three groups of cirrhotic patients (r = -0.78, P < 0.001) ( Fig.  4 ).
Discussion
The pathogenesis of HRS is unclear, although a commonly held view is that destruction of renal vessels is an aetiological factor in its genesis. 6 Colour Doppler ultrasound is a non-invasive method that has been widely used in haemodynamic evaluation of the portal vein in cirrhotic patients. 7 Improvements in colour Doppler imaging techniques have facilitated visualization of the distribution of all grades of renal arteries, including small vessels in the cortex. In addition, parameter analysis of the Doppler waveform can provide important information for haemodynamic studies in cirrhotic patients. 4 It has been suggested that renal arterial RI is higher in cirrhotic patients than in healthy controls and also that it is higher in cirrhotic patients with ascites than in patients without ascites. 8 -13 Most previous studies have This study of 50 adult patients, with compensatory and decompensatory liver cirrhosis with and without ascites, showed that mean renal arterial RI for these patients was higher than for the 15 healthy control subjects. Furthermore, RI was higher in cirrhotic patients with refractory ascites than in those without ascites. These results suggest that the degree of renal vasoconstriction varies with the severity of ascites. At the different stages of liver cirrhosis there may be varying degrees of renal vasoconstriction which can lead to a decrease in renal blood flow, resulting in oliguria and anuresis. 15 -19 In addition, the results of the present study showed that the gradient of arterial RI across the renal artery, interlobar artery and interlobular artery was retained in cirrhotic patients even at decompensatory stage with non-refractory ascites but disappeared in cirrhotic patients with refractory ascites. The disappearance of the renal arterial RI gradient from the renal hilum to the cortex may, therefore, be an important characteristic of decompensatory cirrhosis with refractory ascites. Similar changes in renal blood flow in HRS have been shown in other studies. 13, 20 In compensated cirrhosis and decompensated cirrhosis with non-refractory ascites, although renal arterial systole and renal perfusion may be compromised, 21 the presence of a gradient across the renal arterial vessels ensures a normal distribution of renal cortical blood flow and maintenance of GFR. In decompensated cirrhosis with refractory ascites, however, the RI of the interlobular artery in the renal cortex increases which results in cortical ischaemia, a decreased GFR, oliguresis, anuresis and, finally, azotaemia.
An inverse correlation between Ccr and the RI of the interlobular artery was found across the three groups of cirrhotic patients. Patients with refractory ascites may, therefore, be regarded as being in the prophase of HRS and should be given appropriate treatment, such as ascites reinfusion. Moreover, in patients with chronic liver disease, methods to prevent HRS should be implemented, such as avoiding causative factors (such as highceiling diuretics), draining ascites and ensuring adequate diuresis.
In summary, colour duplex Doppler ultrasonography to investigate renal haemodynamics in patients with varying degrees of liver cirrhosis revealed that disappearance of the RI gradient across the main renal artery, interlobar artery and interlobular renal artery may be of prognostic value in the assessment of HRS.
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